Burkholderia pseudomallei the gram negative, soil saprophyte is the causative agent of melioidosis in human and animals. Development of rapid, sensitive, species specific and cost effective molecular assays are needed for detection of B. pseudomallei from clinical and environmental samples and to differentiate it from other closely related bacterial species. In this study, insilico approach was used to identify new species specific gene targets for molecular diagnosis of B. pseudomallei. The identified targets were then analysed by SYBR Green real time PCR assay for their specificity, sensitivity and presence across different Indian clinical and soil isolates of B. pseudomallei. Out of the three targets studied SYBR Green real time PCR assay targeting bpss0091 gene of B. pseudomallei was found 100 % specific, having detection limit of 12.3 fg/µl DNA. The bpss0091 gene target was present in all clinical and soil isolates of B. pseudomallei tested thus suggesting bpss0091 gene based SYBR Green real time PCR assay will be useful for detection of B. pseudomallei in different geographical regions.
INTRODUCTION
Melioidosis is an infectious disease mostly prevalent in Southeast Asia and northern Australia and caused by Gram negative, free living, aerobic bacillus known as Burkholderia pseudomallei that is categorised as potential biological warfare agent 1 . Melioidosis cases are increasingly reported from Indian subcontinent during last few years and the reasons for this increase in incidence is not very clear 2 . Melioidosis presents a wide range of clinical manifestations from localised infection to acute pneumonia and fulminant septicaemic form 3 . Recurrence of the disease is also not uncommon and has been observed even in people who have undergone successful treatment 4 . Rapid diagnosis of disease is required for prompt treatment as delay in diagnosis could be fatal. The isolation of B. pseudomallei from suspected blood, urine sputum skin lesions and throat swab is considered as the 'gold standard' for diagnosis but is time consuming and needs expertise 5 . Biochemical assays of isolated culture are suggestive but identity of organism needs serological and molecular confirmation 6 . The serological diagnosis of melioidosis is practiced in many parts of the world using a large number of antigen and various antibody detection methods. Antibody detection methods include IHA, ELISA, dot immunoassay and of which IHA is widely used for the detection of antibodies against B. pseudomallei despite its poor sensitivity and specificity. ELISA based on recombinant antigens like flicC, Bip, OmpA, Omp85, serine protease MprA have been developed in order to overcome limitation of IHA but the high background titre against B. pseudomallei in endemic regions lowers its utility 7 . Antigen detection methods mainly targeted to detect the organism from culture supernatant like latex agglutination test or immunofluorescent assay have gained importance because of their specificity but are not available commercially in non-endemic areas [8] [9] . Molecular diagnostic tests like PCR, real time PCR, multiplex PCR, DNA microarrays have been designed for rapid and accurate identification of B. pseudomallei. The genetic variability that exists among closely related bacterial species often leads to false negative results with many of these molecular diagnostic assays 10 . Thus, in order to develop species specific assay, insilico approach has been used in recent years. Identification of specific genes that do not show cross reactivity with other closely related bacterial species and development of species specific real time PCR assays using Taqman probes has gained importance [11] [12] . But these probes based assays are costly and need a lot of expertise. Thus, in the present study insilico analysis of B. pseudomallei genome was done in order to identify species specific targets for development of SYBR Green real time PCR assay which is easy to perform and cheaper than probes. BLAST India. Sensitivity and specificity of all three genes was also determined in order to develop an effective nucleic acid based detection system for melioidosis. The closely related bacteria were procured from MTCC, Institute of Microbial Technology, Chandigarh and were cultured and preserved in lab using BHI broth and agar (Himedia chemicals, Mumbai, India). The list of B. pseudomallei closely related species is given in Table 2 .
MATeRIAlS AND MeThoDS
The maintenance of all the bacterial strains was done as 30% glycerol stocks in -70 °C as well as in liquid nitrogen. DNA was extracted by conventional Phenol: Chloroform extraction method using fresh overnight grown culture and after extraction, DNA was checked on 0.8% agarose gel and its purity and concentration was determined by uV spectrophotometer 13 .
Insilico Identification of Gene Targets
B. pseudomallei species specific new gene targets were identified for development of nucleic acid based detection system using insilico approach. Selection criteria for gene are as follows (i) the gene selected should be specific only for B. pseudomallei and not present in other closely related species like B. mallei and B. thailandensis and (ii) the gene selected should be ubiquitous and should be present in wide variety of B. pseudomallei from different geographical locations as well as from isolates of clinical and environmental origin. The genome of B. pseudomallei K96243 strain was used for the analysis and to identify specific genes of B. pseudomallei as per method described by Sakharkar 14 . The complete sequence B. pseudomallei strain K96243 (Accession: BX571965.1), which consist of two chromosomes, chromosome 1 & 2 was downloaded from PuBMED, NCBI site (http://www.ncbi.nlm.nih.gov/ nuccore/BX571965.1) and each gene present on both the chromosomes was analysed using BLASTn. Those genes which showed 100% similarity to B. pseudomallei K96243 strain, less than or equal to 100% similarity to B. pseudomallei reported strains and no similarity (0%) to any of the other closely related species of B. pseudomallei were selected. Thus, after analysing genome, 7 genes of chromosome 1 and 12 genes of chromosome 2 were selected and out of further analysis based on their e-value, function and gene size three genes were selected. Three genes selected were namely bpss0075, bpss0076 and bpss0091 genes of chromosome 2 of B. pseudomallei K96243 strain. These three genes were coding for potential virulence factors of B. pseudomallei, having gene size between 500-1000bp and e-value equal to 0.0 and primers were designed against these three targets for PCR and SYBR Green real time PCR assay development.
PCR and Real Time PCR Assay of Target Genes
The primers of all the three selected genes bpss0075, bpss0076 and bpss0091 were designed using Gene Runner software version 3.04. The list of primers with their respective T M is given in Table 3 .
the amplified products were analysed using 1% agarose gel electrophoresis containing ethidium bromide and visualised under uV lamp of gel documentation system and images stored for further analysis (Alpha innotech, uSA). The SYBR Green real time PCR was carried out with same primers and template DNA of all strains of B. pseudomallei mentioned in Table 1 . The SYBR Green real time PCR reaction mixture contained 10 pmol of each primer, 50ng of DNA template, 1XPower SYBR® Green PCR Master Mix and autoclaved milliQ water to make up to volume of 10µl. The amplification protocol was standardised for SYBR Green real time PCR and the conditions are: 50 °C for 2 min, 95 °C for 5 min, and 40 cycles of 95 °C for 15 s and 60 °C for 1 min. Dissociation stage (denaturation at 95 °C for 15 s, followed by lowering down of temperature to 60 °C for 15 s again denaturation at 95 °C for 15 s and final lowering down of temperature to 60 °C for 15 s) was added at end of each SYBR Green real time PCR reaction. The non-template controls (NTC), consisting of H 2 O with all reactions contents and no DNA were used as negative control in all amplification assays.
Sensitivity and Specificity of Detection Assays
In order to determine sensitivity of SYBR Green real time PCR assay using primers of newly identified specific gene targets (bpss0075, bpss0076 & bpss0091 gene) of B. pseudomallei, DNA concentration of template DNA of B. pseudomallei standard strain BPS1688 was estimated and then it was serially diluted 20-fold of its original concentration starting from 6.5ng/µl to 6.1fg/ µl. SYBR Green real time PCR assay using serially diluted DNA template was carried out as per protocol mentioned previously. Positive control (B. pseudomallei BPS1688 DNA) and negative controls (NTC, H 2 O with all reactions contents and no DNA) were run along in all amplification assays. In order to determine specificity of the assay DNA of B. pseudomallei closely related bacterial species mentioned in Table 2 were tested with primers of all three specific genes. Both positive control (B. pseudomallei BPS1688 DNA) and negative control (NTC, H 2 O with and without primers) were kept to ensure validity of experiment.
ReSulTS

Selection of Specific Genes of B. pseudomallei for Assay Development
The insilico identification of gene targets specific to B. pseudomallei was done using B. pseudomallei K96243 genome and while analysing BLASTn results it was kept in mind that it should be present in other strains of B. pseudomallei in order to develop effective nucleic acid based detection system for melioidosis. The 100% similarity with B. pseudomallei K96243 strain was one of criteria for selection and in addition e-value, gene size, gene function were also taken into consideration. E-value is basically a probability of alignment occurring by chance and e-value equal to 0.0 means that there is no probability In order to determine presence of these three genes in different standard strains, clinical and soil isolates of B. pseudomallei DNA was extracted and used as template. Before proceeding with the development of SYBR Green real time PCR assay using these newly identified targets, presence of these three gene targets in B. pseudomallei's standard strains, clinical and soil isolates was confirmed by conventional PCR. The reaction mixture consists of 1X PCR Buffer, 1.5mM MgCl 2 , 200µM dNTPs, 10pmol of both forward and reverse primers, 1u Taq polymerase (fermentas), 50ng of DNA and the reaction volume was made up with adding autoclaved milliQ water to 25µl. PCR conditions were standardised as follows, Initial denaturation at 95 °C for 5 minutes and then 30 cycles for amplification which included denaturation at 95 °C for 50 s, annealing at respective T M of each gene (59 °C for bpss0075, 57 °C for bpss0076 and 52 °C for bpss0091) for 50 s and then extension at 72 °C for 1 min followed by final elongation at 72 °C for 10 min. After completion of PCR cycle, 
PCR and SYBR Green Real Time PCR Assaysbased on Identified Targets
The confirmation of presence of insilico identified specific genes of B. pseudomallei in different geographically variant strains of B. pseudomallei isolated from Indian subcontinent requires confirmation by PCR & SYBR Green real time PCR assays. In the conventional PCR assay with bpss0091 gene primer set, 546bp amplification was observed in all standard strains, clinical and soil isolates of B. pseudomallei ( fig. 1) . Where as in case of bpss0075 a band of 855bp was observed with only one standard strain, 5 out of 11 clinical isolates tested and no amplification was observed with any of the soil isolates of B. pseudomallei ( fig. 2) . In case of and bpss0076 amplification of 921bp was observed in one of the standard strains, three clinical isolates and no amplification was observed with any of the soil isolates ( fig. 3) . The results observed with SYBR Green real time PCR assays was similar to that of PCR assay with a difference that amplification specificity was determined in form of sharp melt curve at specific T M for each gene and C T value according to template used. The T M of bpss0091 gene was observed in range of 85.1°C -85.8°C while for bpss0075 & bpss0076 gene it was observe in the range of 84.2°C -84.9°C and 85.0°C -85.4 °C, respectively and no amplification was observed in non-template control. Results of SYBR Green real time PCR assay indicating C T value and T M of each amplified products is shown in Table 5 .
Analysis of Sensitivity and Specificity
The detection limit or sensitivity of SYBR Green based real time PCR for specific gene targets of B. pseudomallei i.e.bpss0075, bpss0076 and bpss0091 with varying concentrations of DNA was determined. The accurate dilution cannot be performed in a single dilution step and serial dilutions were performed to get desired concentration. The concentration of DNA was estimated spectophotometricaly at the start of the experiment every time before running the assay. It was observed that bpss0091 had detection limit of 12.3fg/µl while bpss0075 & bpss0076 had detection limit of 1.58pg/µl & 0.012ng/µl respectively. The melt curve of each gene was observed in defined range (figs. 4, 5 and 6, respectively) while C T value varied according to DNA concentration. When the DNA concentration was higher, low C T values were observed and no amplification was observed in non-template control (Table 6 ).
The specificity of the insilico identified new gene targets was estimated using SYBR Green real time PCR assay across a wide range of bacterial species that include other Burkholderia species and closely related bacterial species to B. pseudomallei. The primer sets of all three genes did not show any amplification with any of the DNA of closely related bacterial species as while performing the SYBR Green real time PCR assay melt curve obtained for all three genes were not in their defined range, only peak of positive control (BPS1688 DNA) was observed at specific T M in defined range (Table 7) , thereby confirming the specificity of the target.
The assay results were as expected based on insilico prediction and selection criteria used for selection of new targets is highly suitable for selection of newer targets for assay development.
DISCuSSIoN
A large number of molecular tools are used for detection of B. pseudomallei but few have clinical . In another study primers flanking flagellin gene of B. pseudomallei were designed in such a way that a 15bp deletion was done and variation in size of amplified product could be used to differentiate B. pseudomallei from B. thailandensis 18 . The assays that involve size variations are again subjective and depend upon electrophoretic conditions and can create doubts. In continuation several improvements are made in PCR in order to differentiate B. pseudomallei from its related species in clinical samples available of melioidosis patients as well as in pure culture, mpra gene of B. pseudomallei was targeted and this metalloprotease gene based PCR was able to detect specifically B. pseudomallei and showed negative results for closely related species B. mallei and B. thailandensis 19 . unlike conventional PCR, real time PCR assays that include SYBR Green assays as well as Taqman assays has also been developed to differentiate B. pseudomallei from its closely related species B. mallei and B.thailandensis and other related species and to overcome the limitation of PCR technique that require sequencing of post-PCR amplified products. Various real time PCR assays has been developed which include hydrolysyis probe based real time PCR targetting TTSS gene of B. pseudomallei, TaqMan allelic discrimination assay targetting SNP to differentiate B. pseudomallei from B. mallei, fluorescence probe based real time PCR targetting orf2 of TTS1 of B. pseudomallei 11, [21] [22] . The probes used in these assays either taqman probe or fluorescence based are highly expensive and needs expertise as well and hence development of real time assays that is sensitive, specific and cost effective is needed for clinical diagnosis and detection of melioidosis. SYBR Green real time assays allow real time monitoring of PCR and with addition of melt curve analysis at end of reaction helps in identification of specific PCR products. SYBR Green kits used in these cost effective in comparison to probes. Earlier work on using taqman probes for detection of B. pseudomallei is reported but in the present study we have standardised SYBR Green real time PCR for sensitive and specific detection of B. pseudomallei.
SYBR Green is a dsDNA binding dye which emits a stong fluorescence upto 1000 fold after binding to dsDNA in comparison to when kept free in solution. The detection level or point at which fluorescent signal crosses background noise is known as Threshold and cycle at which this pont is reached is known as Cycle Threshold (C T ). C T value is dependent on amount of DNA template used i.e. higer DNA concentration, lower will be the C T value. for bpss0091, amplification was observed with all standard strains, clinical and soil isolates, thus C T value observed was in range of 18.0-21.0, thus indicating starting concentration of DNA used was high whereas in case of bpss0075 and bpss0076, only one of standard strain and few of clinical isolates showed amplification and C T value observed was in range of 21.0-38.0 depending upon DNA concentration used and those with which no amplification was observed, C T value was either very high or undetermined.
SYBR Green has the property of binding to every dsDNA, thus in order to improve specificity of assay, melt curve analysis was done by adding dissosciation stage at the end of real time PCR. During dissosciation stage, temperature is raised till 50% DNA gets denatured and during this phase there is a sharp reduction in fluorescence due to dissosciation of dsDNA which is observed in form of characteristic melt curve and the point at which dsDNA gets half denatured is known as melting point (T M ). According to manufacturer, all SYBR Green real time PCR products must have their T M in range of 80 °C-90 °C with a single peak in this range with respect to specific gene product and for all three genes, bpss0091, bpss0075 and bpss0076, T M was in range of 80 °C-90 °C, while non-specific amplification did not fall in this range. While determining sensitivity, bpss0091 gene was found more sensitive in comparison to other two targets.
Earlier, BPSL1664 gene of B. pseudomallei, a specific toxin gene was used to develop SYBR Green based real time PCR and its potential was evaluated against only five standard strains and 18 other related species 20 while in present study, all three genes (bpss0091, bpss075 and bpss076) were evaluated against 2 standard strains, 11 clinical isolates and 4 soil isolates of B. pseudomallei, thus validating the presence of these genes in variety of standard strains, clinical and soil isolates. Also the specificity of the gene targets was evaluated against 25 B. pseudomallei closely related bacterial speicies that includes B. mallei and B. thailandensis. Andresen 20 et al. has earlier checked the specificty with 18 other related species including B. mallei but not with B. thailandensis. The sensitivity issues related of conventional PCR were resolved with the availability of real time PCR assays with specific targets. SYBR Green based real time PCR developed targetting toxin gene of B. pseudomallei was able to detect 10fg of DNA and detection limit of TTSS gene based real time PCR was found out to be 5fg of B. pseudomallei [20] [21] DNA/µl. In present study the sensitivity of bpss0091 gene based SYBR Green real time PCR was determined as 12.3fg/µl, thus being highly specific and sensitive bpss0091 gene based SYBR Green real time PCR is promising and can be further evaluated on clinical samples for the detection of melioidosis.
